The mean amplitudes of vibration of PH 3 BH 3 and PF 3 BH 3 were calculated from known spectroscopic and structural data between 0 and 1000 K and compared with those of related species. Bond peculiarities are also briefly discussed.
Phosphine borane, PH 3 BH 3 , and trifluorophosphine borane, PF 3 BH 3 , are both weak Lewis-type acid-base complexes. Their existence has been known for a relatively long time [1, 2] but their general properties encompass a continuous interest and research activity hitherto (cf. for example [3] and references therein).
In order to contribute to a deeper understanding of the vibrational properties of these systems, we have now performed the calculation of the mean amplitudes of vibration of the two mentioned complexes, using known vibrational-spectroscopic data.
The calculations were performed in two steps; firstly, the amplitude values of the BH 3 and PX 3 components of both compounds were obtained with the method of the characteristic vibrations of Müller et al. [4] (cf. also [5, 6] ). Secondly, the values for the P-B bonds were estimated with the approximate method of Kimura and Kimura [7] (cf. also [8, 9] ), considering X 3 P-BH 3 as a diatomic species that presents only one degree of freedom (the stretching of the P-B bond).
In the case of PF 3 BH 3 , the necessary vibrational frequencies and structural parameters were taken from the recent paper of Jensen [3] . For PH 3 BH 3 the used vibrational data were those reported by Taylor et al. [10] whereas the molecular parameters were obtained from Table 2 . Calculated mean amplitudes of vibration (inÅ) of PF 3 BH 3 . the microwave study of Durig et al. [11] . A set of force constants for both species, derived from slightly different frequency data as those employed here, but with the same general assignment scheme, are also known [12] and may be useful for comparative purposes.
The results of the mean amplitude calculations, in the temperature range between 0 and 1000 K, are shown in Tables 1 and 2. A comparison of these data immediately shows that in both species the BH 3 fragment shows comparable mean amplitude values, although they are somewhat higher in the case of PH 3 BH 3 , pointing to a slight B-H bond weakening in this case, in comparison to PF 3 BH 3 . This trend is in excellent agreement with the respective force constants, which are also only slightly lower in the case of PH 3 BH 3 (3.121 mdyn/Å in PH 3 BH 3 vs. 3.202 mdyn/Å in PF 3 BH 3 [12] ). Interestingly, the mean amplitude values for the non-bonded H··· H pairs in both species are practically identical in the full temperature range.
Although values for mean amplitudes of vibration of other species containing B-H bonds are relatively scarce [5, 13] , it should be mentioned that the values found here are somewhat lower than those calculated in BH 3 CO [13] and in BH 4 − [14] , but are comparable to those determined for the B-H bond of HBCl 2 [15] .
Regarding the mean amplitude values of the P-H bonds in PH 3 BH 3 they are only somewhat lower than those of the B-H bonds, in the full temperature range, also in agreement with their force constant (3.295 mdyn/Å [12] ). The calculated value is also comparable to that of phosphine (0.0869Å at 298 K [5] ). The mean amplitude values of the non-bonded H··· H pairs of this PH 3 fragment are higher than those corresponding to the BH 3 moiety.
The mean amplitudes of vibration of the PF 3 fragment of PF 3 BH 3 show that the P-F bond is the strongest of all the linkages investigated in this study, a fact also confirmed by the particularly high value of the corresponding force constant (6.124 mdyn/Å [12] ). Besides, also the amplitude values for the non-bonded F··· F pairs are appreciably lower than those corresponding to all the other calculated non-bonded pairs.
Values calculated for the mentioned PF 3 fragment are highly characteristic for this bond, as they lie in the same range as in PF 3 , PF 5 , F 3 PO, F 3 PS [5] and PF 2 X (X = Cl, Br, I) [5, 16] .
Finally, a comparison of the characteristics of the P-B linkages in both species shows that this bond presents lower mean amplitude values in the case of PF 3 BH 3 , also in excellent agreement with the corresponding force constants (2.295 mdyn/Å for PF 3 BH 3 and 1.958 mdyn/Å for PH 3 BH 3 [12] ), pointing to a slightly stronger P-B interaction in the case of PF 3 BH 3 .
There has been considerable discussion regarding the nature of this P-B interaction in this type of acidbase complexes [11, 17 -19] , as this kind of interaction is relatively difficult to rationalize because it depends on a delicate balance between different concurrent factors (for example, σ -bond ability, π-accepting ability and effects related to steric demands, cf. for example [20] ). Interestingly, P-B bond orders estimated on the basis of the formerly calculated force constants showed values of 0.78 in PH 3 BH 3 and of 0.92 in PF 3 BH 3 [12] , pointing to the presence of polar contributions to the bonding.
On the other hand, in the most recent theoretical study of PF 3 BH 3 [3] the electron distribution and the nature of the occupied valence orbitals were analyzed using the total overlap population (Mulliken electron population). The results suggest that the bonding in this molecule may be described as relatively strong single σ -bonds between the P-B, P-F and B-H centers. Therefore, the slight differences observed in the P-B strengths in both phosphine boranes, and reflected in the mean amplitude values and in the corresponding force constants may, eventually, arise in the differences of the dipole moments of PF 3 and PH 3 (1.03 D vs. 0.55 D [20, 21] ) (cf. also [17, 22] ).
